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Although numerous studies have evaluated the 
effectiveness of various methods of predator damage 
control, relatively few have discussed the economics of 
techniques used to reduce predation on livestock 
(deCalesta 1983, Green et al. 1980, Gum et al. 1978, 
U.S . Department oflnterior 1978); probably because of 
difficulties obtaining reliable data (Connolly 1982). 
Such information, however, is important since elimi-
nating expenses of relatively inefficient control prac-
tices would allow ranchers to reduce total production 
costs, thereby increasing net returns (Scrivner and 
Conner 1983), whereas for state and federal animal 
damage control agencies, better documentation of the 
economic s of various control techniques promotes more 
efficient allocation ofresources . 
Considerable research on the toxic collar as a predator 
control method has been done (Connolly et al. 1978, 
Savarie and Sterner 1979, Sterner 1979, Wade and 
Connolly 1980). The 1080 toxic collar is thought to be 
one of the most selective methods available for re-
moval of coyotes (Canis latrans) which prey upon 
sheep and goats (Western Regional Coordinating Com-
mittee 1980). To date, no studies have addressed the 
economics of collar use . The purpose of this study was 
to identify costs associated with field use of the 1080 
toxic collar, and describe operational conditions under 
which use of the toxic collar should be cost effective . 
METHODS 
The Experimental Use Permit (EUP) granted the 
Texas Agricultural Experiment Station (T AES) by the 
Environmental Protection Agency (EPA) allowed the 
use of Compound 1080 (sodium monofluoroacetate) on 
12 test sites in Texas . These test sites were established 
through personal contact with ranchers, Texas Depart-
ment of Agriculture (TDA) personnel, and Texas Ro-
dent and Predatory Animal Control Service (TRPACS) 
field personnel. The TDA, TAES, and the Texas Agri-
cultural Extension Service (T AEX) cooperated in 
determining suitable sites to conduct toxic-collar tests . 
Ranchers were selected due to the severity of current 
coyote predation, their history of predation, and their 
husbandry practices . Data were gathered 2 February 
1981 to 18 November 1982. 
At the beginning of each test, personnel from Texas 
A&M University System (TAMUS) and TDA met with 
each rancher individually to review the use of toxic 
collars and requirements for participation in the coop-
erative project. Toxicity of Compound 1080 and the 
potential hazards of its use were reviewed and dis-
cussed. Ranchers were instructed on safety aspects of 
collar use and on the correct use of collars and live-
stock management in order to direct attacking coyotes 
to collared animals . However, since each rancher was 
confronted with different problems some flexibility 
was needed to adjust targeting methods to suit each 
situation. TAMUS personnel filled collars with a 
known amount of Compound 1080 (lOmg /ml) and pro-
vided these to the ranchers. Ranchers purchased the 
collars, and paid for other normal operating expenses , 
such as the penning and release of animals that would 
be used in the test . 
For safety purposes and in accordance with EUP 
restrictions, ranchers were required to have a locked 
storage box in which to place collars when they were 
not in use . They were provided warning signs to be 
placed at entrances leading into areas where toxic 
collars were present . Warning labels also were 
attached to the collars . When sheep or goats were 
killed and collars punctured, ranchers were instructed 
to remove the collars and destroy the carcass to reduce 
potential hazards to non-target species . In addition , 
Rhodamine 8 dye was included in the toxic collar 
formulation in order to facilitate the detection of leaks 
in collar packets, spillage on soil and foliage, and 
contamination of animals . 
TDA personnel were responsible for regularly check -
ing with ranchers to insure that records were kept of 
events relating to use of the toxic collars . Every 2-3 
months, TAMUS personnel also contacted ranchers to 
determine the status of the test project and to consult 
with ranchers on specific problems . Ranchers al so 
were periodically questioned regarding costs resulting 
from use of the collar. Cost factors included collared 
animals killed, collars punctured or missing, labor, 
transportation, feed, and miscellaneous . Some costs 
were difficult to assess because of problems in separa-
ting costs attributed to collar use from costs attributed 
to other activities . For example, a rancher may drive 
20 km to check collared livestock but while gone also 
may check cattle, fix a broken windmill, and mend a 
fence . The general approach was for ranchers to report 
costs which exceeded those they would have incurred 
without collar-use. 
Furthermore, because of the experimental nature of 
these toxic collar projects, some costs may have been 
higher than would be the case were the collars 
registered for general use. Cooperating ranchers 
generally recognized the need to gather reliable data 
1 Current address : Hopland Field Station, University of California, 4070 University Road, Hop land, CA 95449 . 
201 
regarding collar use and efficacy and therefore prob-
ably spent more time working with collared livestock 
than what would be spent under normal field use 
(depending on potential EPA use restrictions) . 
RESULTS AND DISCUSSION 
Of 11 ranchers questioned regarding the cost effective-
ness of the toxic collar, 8 thought the collar was cost 
effective, 2 did not, and 1 was uncertain (1 rancher did 
not respond to this specific question but provided all 
other information regarding cost of collar use) . In 
general, major factors which decreased cost effective-
ness according to ranchers included labor required to 
manage livestock to direct predation towards collared 
animals, and losses of animals to coyotes which kill 
elsewhere than at the throat. Additional costs were 
added by damaged or lost collars due to wires, thorns, 
and other objects which may puncture collars . Also, 
brush and wires may pull collars out of position on the 
collared animals, thus causing them to be ineffective. 
COST OF COLLAR USE 
Ranchers used the collars for an average of 30-weeks 
each . During this time, an average of 4.8 collared 
sheep or goats/ranch, valued at $31.79/head, were 
killed or missing (Table l ). Collared animals normally 
were placed as a target flock in areas where the prob-
ability of attack by coyotes was greatest . The need to 
sacrifice collared animals in order to take depredating 
coyotes is essential and generally is considered a dis-
advantage of using collars (Wade and Connolly 1980). 
Thus, the loss of collared animals was a cost due to 
collar use. Often, collared animals were run with the 
main herd. Under these circumstances, it could be 
argued that the loss of collared animals represents no 
additional cost to ranchers, since if coyotes enter a 
pasture to kill livestock , some animals will be killed 
whether or not they are collared . 
An average of 19.3 collars/ranch were purchased at 
$16.00/collar (1980-1981 price) . In addition, an 
average of6 .6 collars/ranch valued at $105 .60 were 
punctured or lost . Collars were punctured not only by 
coyotes, but also by wire and thorns . For this analysis, 
costs were calculated only for collars which were punc-
tured or missing during the 30-week accounting period 
(Table 1). 
During the 30-week period collars were in use, 
ranchers drove an average of765 .7 km (valued at 
$107 .20) extra to monitor collared livestock . use of 
collars also required an additional 161.7 h labor/ranch 
valued at $590 .21 (Table 1). Labor to use collars 
primarily involved periodic checking and adjusting of 
collars on livestock and managing livestock to direct 
predation towards collared animals . Adjusting collars 
is particularily important on young, growing animals 
to prevent collars from becoming too tight. Effective 
targeting of coyotes to collared animals usually in-
volves exposing a target group of 15 to 25 collared 
Table 1. Average costs resulting from use of 1080 toxic collars 
on 12 ranches in Texas during an average 30-week period. 
Total costs are adjusted to a 52-week period. 
Average no. Value per unit Value per 
perranch ($) ranch($) 
Collared animals 4.8 head 31.79/head 152.60 
killed or missing 
Collars punctured 6.6collars 16.00/collar 105.60 
or missing 
Transportation 765.7km 0.14/km 107 .20 




(30-week period) 1055 .05 
Total 
(52-week period) 1828 .78 
a Not applicable since different types offeed were used by ranchers . 
b This includes a locked box to keep collars in, ear tags for collared 
animals , tag applicator, and warning signs. this cost was estimated 
by author . 
animals on pasture by themselves, or placing collared 
kids or lambs with uncollared adult sheep or goats. 
Labor also included occasions when animals were 
gathered for application or removal of collars . This 
often involved considerable time . However, on most 
ranches these operations were done infrequently 
enough so as to account for a relatively small propor-
tion of the total labor required . Labor requirements 
were minimized by handling collared Ii vestock during 
periods when livestock were gathered for other pur-
poses such as shearing or drenching . 
Ranchers spent an average of$80 .51/ranch extra on 
feed for collared livestock (Table 1 ). Feed usually con-
sisted of corn or a protein supplement. Feed was used 
to attract collared animals to examine collar fit and 
condition . Occasionally livestock were provided feed 
during a 24-48-h period when animals were penned for 
observation to assure that collars were properly fitted . 
Miscellaneous costs were estimated to be $18 .93 per 
ranch (Table 1). Miscellaneous expenditures included 
a locked box for collar storage, ear tags for collared 
animals , tag applicator , and warning signs reg arding 
toxic collar use in test pastures . 
COST EFFECTIVENESS OF COLLARS 
These were the total average costs ($1,055 .05) of using 
the toxic collar during the average 30-week period 
(Table 1) and were adjusted to a I-year period . The 
estimated costs, $1,828 .78/year, can be used to esti-
mate the "break-even" point, or the number of animals 
which would have to be "saved" during a year in order 
for the collar to be cost effective. Assuming the market 
value of an adult animal to be $48.00, 38 animals 
would have to be saved before use of toxic collars would 
be cost effective . 
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One approach to evaluate potential cost effect iveness 
is to compare the break -even point with known preda-
tion losses . Herd size on all ranches varied during the 
study, but averaged approximately 600 sheep and 
goats . Sex ratio for the ranches approximated 2 fe-
male : 1 male . The relatively high number of males 
primarily was due to ranchers managing wether goats 
(castrated males) for mohair production and brush con-
trol. Assuming a 75% juvenile crop, 300 young animals 
would have been produced (Table 2). Further, if the 
predation rate on these ranches was comparable to the 
average predation rate for the 15 Western States as 
estimated by Gee et al. (1977), ranchers would have 
lost 39 animals to coyotes (Table 2). If adults and 
juveniles are valued at $48 and $60, respectively, the 
total value of these losses would be $2,160 (Table 2). 
Thus, if the rate of predation on a specific ranch ap-
proximates average loss rates for the 15 Wes tern 
States, use of toxic collars would likely be cost effective 
if it significantly reduced predation losses . 
When the rate of predation is less than the average for 
the Western States, collar-use would not be recom-
mended since costs associated with their use exceed 
the value of animals killed by predators . Clearly, as 
the rate of predation increases beyond the Wes tern 
State average, the probability that collar use would be 
cost effective increases (Table 2) but this is only true 
when ranchers can apply collars effectively . 
The above analyses refer primarily to "long -term" 
collar use. With "short-term" use , the toxic collar may 
be cost effective under a wide range of predation levels 
when effectively used to reduce livestock losses by re-
moving depreciating coyotes . Whereas daily costs may 
be slightly higher when collars are used on a short -
term basis , ranchers reduce total annual collar-use 
costs by limiting application to periods when predation 
is a problem. Thus, collars may be used cost effectively 
over extended periods if predation is severe enough ; 
however, at lower predation levels, collar use should 
be limited to periods when predation is a problem . 
Ranchers normally used other control measures in 
addition to the toxic collar . While the collar is not 
intended to replace present control methods, its use 
may reduce the need for other practices . Future 
resear ch could eva luate cost/benefit s to mul tiple -
techniques programs . 
Furthermore , the above analyses do not include bene-
fits to neighboring ranches where predation rates are 
reduced by collars used elsewhere. While such bene-
fits do not directly help collar users, society benefits by 
increased production of food and fiber . 
WILDLIFE PROTECTION AND SOCIAL 
ACCEPT ABILITY 
As Connolly (1982) pointed out, 2 factors becoming 
increasingly important in benefit/cost studies are the 
emphases on wildlife protection and social accept-
ability. However , in these studies, no nontarget ani -
mals were found which were suspected of having died 
from 1080 poisoning. While the potential for primary 
and secondary poisoning from collar use does exist, the 
results of field use of the toxic collar as well as estab-
lished lethal dose values indicate that the potential 
risks to populations of non-target wildlife are minimal. 
In many instances, other wildlife species and popula -
tions may benefit from control exerted on coyote 
populations. 
When the management goal is to reduce coyote num -
bers, Compound 1080 may be the toxicant of choic e 
although it may not be as socially acceptable as other 
methods . However, 1080 toxic collars can be an 
extremely selective means of removing depreciating 
coyotes . 
MANAGEMENT CONCERNS 
It should be emphasized that the economic break-even 
point is based on average conditions of collar use for 
the 12 test sites and that break -even points for indi vid -
ual ranches will vary . Clearly, the break-even point 
will be lower as individual costs decrease . The follow -
ing considerations are necessary to evaluate potential 
cost effectiveness of the collar : 
1. Costs are higher for ranchers who are not able to 
manage livestock and direct predation at collared 
animals . For example, due to lack of available pas-
tures, 1 rancher was forced to place a few collared 
Table 2. Estimated a dollar value of livestock lost to predators. Determined from an average herd size (assuming a 2:1 adult 
sex ratio in favor of females and a 75% juvenile crop) from toxic collar test sites in Texas . The unit price was 548 for adults and 
$60 for juveniles. 
Rate Adults -Juveniles Total 
of Dollar Dollar value dollar value 
predation No. stocked No. killed value lost 
No. stocked No. killed 
lost lost 
Light 600 6 288 300 12 720 1008 
Auerage 600 15 720 300 24 1440 2160 
HeaL-y 600 71 3408 300 87 5220 8628 
a The "lii?ht" rate of depredation on sheep in the U. S. was estimated to be 1 % for adults and 4% for juveniles (U.S. Department of Interior 
1978) . the "average " rate of depredation on sheep in the western U. S. is 2.5% for adults and 8.1 % for juveniles, and "heavy" predation is 
:!: 11.9% and 29%. respectively. (Gee et al. 1977) . 
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lambs with a large number of uncollared ewes and 
lambs . Thus, the probability of coyotes attacking 
collared animals was significantly reduced and a 
number ofuncollared animals were killed for each 
collared animal killed . This rancher was 1 of 2 who 
did not consider the collar to be cost effective . 
2. Pastures varied in brush density and the incidence 
of collar loss and punctures not due to predators was 
generally greatest in dense brush pastures . Thus, 
ranchers with very brushy pastures may have to 
purchase more collars than those with open 
pastures . 
3. Keeping collars on Spanish goats was more difficult 
than on Angora goats or lambs, thus reducing collar 
effectiveness and increasing the probability of collar 
loss. Furthermore, Spanish goats tend to be more 
nervous than Angoras and they were more difficult 
to catch to readjust collars . This increased the 
probability of collar loss . 
4. Labor and mileage accounted for 66% of the costs 
associated with collar use. Some of the labor and 
mileage included time and travel to distant 
pastures. Ranchers able to minimize these costs by 
using collars in pastures near headquarters, or 
other areas frequently visited, are more likely to 
find collars to be cost effective. 
SUMMARY 
Based on these tests and other research, 1080 toxic 
collars deserve further consideration for use in preda-
tion control. However, the use of collars is not a solu-
tion to coyote predation on sheep and goats . Instead, 
collars offer an additional tool which may be used with 
other control methods to help alleviate losses . 
The capabilities of and limitations to managing live-
stock, as well as the history of predation losses, should 
be examined for each case to determine the potential 
utility of toxic collars . If predation is severe and if 
livestock can be managed to direct predation at 
collared animals, toxic collars can be a cost-effective -
control tool. 
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